ABSTRACT
Introduction
The sensory and autonomic nerve fibers of the skin have trophic and immuno modulatory properties that contribute to homeostasis and the wound healing process. Neurogenic inflammation is a tissue reaction associated with acute conditions in wound repair. It comprises a series of vascular and nonvascular inflammatory responses, triggered by the sympathetic activation of nociceptive nerve fibers A-Delta and C [1] [2] [3] [4] and the subsequent release of inflammatory neuropeptides, including substance P (SP) and calcitonin gene-related peptide (CGRP), among others 5 . In the skin, the neurogenic inflammation increases the blood flow, allowing the formation of edema and the exudation of plasma proteins. Primary lesions are described as erythematous papules or plaques with a pale center (wheal) and surrounding erythema (flare).
Substance P is one of the most potent vasodilators that releases nitric oxide from the endothelial cells. It activates the mast cells 6 , increases the production of histamine, leukotrienes and tumor necrosis factor-alpha (TNF-alpha); it also activates the endothelial cells 7, 8 In contrast, the action of CGRP is slower, steadily progressive and of longer duration, inducing an intensive vasodilatation 10, 11 . As an a proinflammatory, CGRP is capable of activating mast cells, macrophages, fibroblasts, melanocytes, keratinocytes, dendritic cells and lymphocytes B and T, promoting the development of edema induced by IL-1 and IL-8, and is chemotactic to neutrophiles.
Neurogenic inflammation derives from and depends on the function and integrity of the sensory sympathetic nervous system. The amount and the secretory neuropeptidergic adjustment affect the intensity and the quality of the neurogenic inflammation phase of wound healing 12 . Therefore, the homeostatic status of skin may determine some possible changes of the healing process, when it is subjected to an incision or wound 13 .
In general, any tissue damage or painful stimulus can trigger neurogenic inflammation. There are several events that are capable of activating the neurosecretory activity of the skin nociceptors by means of physical, chemical or psychophysiological agents.
With regard to chemical stimuli, corticosteroids produce anti-inflammatory effects 14, 15 , acting essentially on (1) the stabilization of the lysosomal membrane, (2) the inhibition of formation of kinins, which cause vasodilatation, increased capillary permeability and pain, and (3) the stabilization of the proliferation of fibroblasts and collagen production 16, 17 . For tissue inflammation, dexamethasone inhibits erythema and edema, however, its mechanism of action is still uncleared. Yet, this effect is not extended to the inhibition of erythema and edema triggered by histamines, although SP also releases this compound 18 .
Considering that dexamethasone is a potent anti-inflammatory agent with a well-known inhibitory action, the objective of the present study was to investigate whether a subdermal injection of dexamethasone prior to a skin incision would have effects on the secretion of neuropeptides SP and CGRP in the skin of rats.
Methods
The present study was approved by the Animal Care .000 in TBS-T with 1% BSA. After these incubations, the membranes were washed as previously described, followed by reaction and film developing.
The films were digitized (HP Scanjet G4000 series) and the protein levels of SP, Pro-CGRP and CGRP were quantified by optical densitometry using ImageJ software, version 1.43u (National Institutes of Health). The band densities were normalized with β-tubulin III.
Statistical analysis
In the Western Blotting analysis of the experiments, the one-way analysis of variance (ANOVA) was applied, using Tukey's multiple comparison post test to identify statistical significances between groups. All analyses were performed using Prism 5.0 (Graph Pad). Data were presented as mean ± SEM and significance level was set at p<0.05.
Results
The results showed that there neuropeptides release in three groups, but there were no statistically significant differences (p>0.05) in the values found for SP (p=0.32), pro-CGRP (p=0.56) and CGRP (p=0.53) among the groups (Figure 1 ).
Discussion
The healing of a skin wound is a complex process involving inflammation, reepithelization, angiogenesis, the formation of granulation tissue and interstitial matrix deposition, which are performed by different types of cells, such as keratinocytes, fibroblasts, inflammatory and endothelial cells 20 .
Initially, however, mechanical stress on the margins of the wound stimulates mechanosensitive nociceptors on sensory fibers in the skin. Stimulated fibers release neuropeptides, including SP and CGRP 21 . The principal trigger of neurogenic inflammation is the activation of immunoinflammatory and pro-inflammatory substances resulting in an increase in the blood flow and consequent edema caused by the exudation of plasma from the post-capillary venula 22 .
Both SP and CGRP are present in cutaneous nerve fibers of type C and A-δ, which are the main fibers responsible for the healing process. These neuropeptides are also present in sweat and sebaceous glands, in mechanoreceptors and in perivascular innervations 9, 23 . Some neuropeptides co-exist in the same nerve fibers and are co-released upon nerve stimulation 24 .
Neuropeptides released from cutaneous nerves act on target cells which express specific receptors that are coupled to an intracellular signal transduction pathway or ion channels 13 , which, when released, may result in erythema, edema, hyperthermia, and pruritus that activate local immune system cells that release prostaglandins, histamine, cytokines, proteases and immunoglobulins.
This mechanism has cast doubts that has guided our study; although the neuropeptides are released via neurogenic inflammation, the question was whether the local injection of corticoids (anti-inflammatory drugs), such as dexamethasone, could inhibit the response of neurogenic inflammation or affect the release of SP and CGRP induced by skin nociceptive stimuli in rats.
Corticosteroids act on inflammation 25 to reduce the circulation of inflammatory cells, mainly during the initial stage 26 , in surgical wounds. However, corticosteroids inhibit not only the initial stage of erythema, hyperthermia, pain and edema, but also the later stages of wound healing and wound repair and proliferative responses observed in chronic inflammation.
In this context, subcutaneous dexametasona treatment for eight consecutive days strongly interfered with both the synthesis and degradation of type I collagen and, more drastically, type III collagen, the molecule that is known to play a major role in the initiation of wound healing 14 . the results of the present study 28 .
The literature describes neuropeptide release from nerve endings as an event derived from an axonal reflex 13 . In the present study, the nociceptive stimuli (incision) occurred after 30 minutes of dexamethasone injection. This period of time was probably not enough for the anti-inflammatory to act on the nerve endings.
However, 30 minutes seemed an appropriate time because the peak of this substance in the tissue occurred 2.5 to 20 minutes following the injection of the drug 29 .
In clinical practice, the use of corticosteroids via intralesional with the purpose of minimize inflammation is routine, but there is no experimental study to validate this approach. The CGRP and SP research has its importance to quantify the degree of inflammation at the beginning of the healing process.
The study of neuropeptides in the skin of rats, as the measuring method of the inflammatory process early in the healing process was used by several authors. Hochman et al. 30 revised the influence of laser beams in rat skin by measuring the secretion of the neuropeptides CGRP and SP. Raymundo et al. 31 used the same methodology to study the effects of carbon dioxide in the skin of rats. The authors demonstrated to be a useful tool to infer current and inflammation involved early in the healing process.
Subdermal dexamethasone did not act on the secretion of cutaneous neuropeptides analyzed in this study and was apparently innocuous in the biochemical pathways of neurogenic inflammation. Thus further research is needed to investigate whether the systemic use of dexamethasone could have a quantitative and/or qualitative impact on the levels of CGRP and SP during neurogenic inflammation.
Studies on skin inflammation involving neuropeptides, are rare and find themselves at the beginning of its activities, which could explain the lack of current studies in the literature on the subject.
Conclusion
The anti-inflammatory effect of dexamethasone did not occur when the substance P and calcitonin gene-related peptide levels were altered during the neurogenic inflammation process of skin wound healing in rats
